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FIRE REGIMES AND THEIR RELEVANCE TO
ECOSYSTEM MANAGEMENT!

by James K. Brown?

ABSTRACT: A h‘f“ regime r'iamﬁcatigm that recognizes stand-replacement, nonlethal understory, mixed and
variable il.‘f"rﬁ\'f"r‘.(!f‘rﬂlr «Jl;r}lssf‘d as a simplified approach for communicating widely about the natural role of
fire. Examples ot r'h‘.‘ fire regime types are provided. Five challenges to meeting the goals of ecosystem manage-
ment based on knowledge of fire regimes are discussed. They are: (1) restoration of nonlethal fire regime forests.
2) proper removal and retention of dead biomass, (3) managing for large stand-replacement disturbances. (4
managing for diverse stand structures in mixed and variable fire regime-tvnes. and (5) maintaining grasslands
threatened by encroachment of woody vegetation. =) 2

INTRODUCTION

The importance of the role fire plays in ecosystems throughout the world is becoming commonly accepted
natural resource managers. Fire's role is complicated because it influences and controls
and characteristics such as dry matter and nutrient cycling, productivity, plant
and Heinselman 1973). The list

by ecologists and many
many ecosystem processes
species composition and community structure, and fuel accumulations (Wright
certainly can be expanded. How do we categorize the many-faceted role of fire? We need a way to simplify and
ications about fire in order to effectively plan and manage for wildland fire in many different

facilitate commun
re regimes is increasingly

ecosystems. The concept of fire regimes can help meet that need. Knowledge of fi
recognized as a critical basis for ecosystem management. The purpose of this paper is to suggest a simplified
classification of fire regimes and to discuss the relevance of fire regimes knowledge to ecosystem management

and major challenges faced in applying it.
Fire Regime Classification

A fire regime refers to the nature of fire that occurs over time, usually the past se-vera.l hundred years,
in a specific region. The concept is a synthesis of broad ecological and physical principles into a few categories.
It lends a semblance of order to an extensive but often confusing and sometimes contradictory literature on
fire (Pyne 1984). Classifications of fire regimes can be based on the characteristics of the fire itself or on the
effects produced by the fire (Agee 1993). Fire regimes, introduced first by Heins.elman (1978), were based on a
classification of fire intensity (crowning or surface fire), size of ecologically significant fires, and fire frequency

1 A paper presented at the 1994 Society of American Foresters/Canadian Institute of Forestry Convention,

September 18-22, 1994, Anchorage, Alaska. : .
2 James K. Brown. USDA Forest Service, [ntermountain Research Statio

Laboratory, P.O. Box 8089, Missoula, Montana 59801.
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The classification 5:"”?,”’\“'2 in Figure 1 emphasizes fire severity instead of fire intensity. Fire frequency
is considered separately and: 1oL combined with fire severity to form a dual corgﬁoner;t Ci—a.lSSiﬁCé.tTIG'l--.A Fm
frequency 15 best described as a ::er:irn‘arz‘Fi range of fire return intervals based on an examination 'of ﬁm"r;istor';'
for individual ecosystems. [he simple fire regime classification will be suitable for many purposes. A more
olaborate classification may be appropriate for use among specialists. :

The classification of fire severity and hence fire regimes is based on what happens to the dominant
vegetation. If most of the dominant aboveground vegetation (approximately 80% or more of the dominant
.-n.\'Pr or biomass) dies as a rﬂfuit of fire, it is considered stand replacement. If most of the dominant vegetation
curvives, it is considered nonlethal understory fire. If severity is in between it is classified as a mixedvregi:ne.
which consists of individual fires that alternate between nonlethal understory burning and stand-replacement
creating a fine-grained pattern of young and older trees. This type of fire, which causes intermediate levels o
plant mortality, has not been described in previous fire regime classifications but probably occurs commonly. If
severity differs between fires on the same landscape it is classified as a variable regime which typically consists
of frequent, low-intensity surface fires and long-interval, stand-replacement fires (Kilgore 1987).

Although the concept of fire regime types was originally developed with forest vegetation in mind, it can
also apply to nonforested vegetation types such as prairie, tundra, and savannah. If the dominant aboveground
vegetation is killed by fire, the regime type is considered as stand replacement irregardless of the mechanisms
of}egeneration and speed of vegetative recovery. For example, since grass is the dominant vegetation in the
short-grass prairie ecosvstem and the aboveground parts are killed by fire. it is a stand-replacement fire regime
type because the dominant vegetation has been replaced. Also, shrubland ecosystems typically experience

stand-replacement fire regimes because the dominant shrub layer is usually killed back to growing points in or

near the ground.

Fire Regime Examples

Some examples of fire regimes are described here to illustrate the classification. Note that some forest
types that occur over a range of environmental conditions may be characterized by more than one fire regime
type. Variability of fire regime within broad vegetation types is aptly discussed by Heinselman (1981) and

Kilgore (1981).

NONLETHAL FIRE REGIMES

= . o . = = = = 19 > -
Ponderosa pine and Jeffrey pine.-Fires were irequent, with mean fire 1nter\ala'bemeen 5 and 30 yvears
o o . : % W ere very larg : :
Kilgore 1987; Arno 1994). Fires were low intensit derburns that were very large in areas where the cover
type was extensive such as on high plateaus in the southwestern United States. In c-ontra,st. fires were probably
small in rugged mountainous terrain where the Aammable sites were confined to isolated dry sites on south-
facing slopes.

Longleaf, loblolly. and slash pines.—Low-intensity fires in these pipe types fo:md on the coastal li)l.a.ll"l of
southeastern United States probably occurred every 2 to 8 years (Christensen 19b1.}. gxres tal.pparentd} v.er;
Primarily ignited by resident Native Americans. In the absence of frequent low-intensity fire, these stands ten
o become dominated by shrubs and hardwoods.

STAND-REPLACEMENT FIRE REGIMES

5 -ears in northwestern Canada and up to nearly
-N ; nged from 50 to 100 yea veste
Black spruce.~Natural fire cycles rang Fires were very large in size and usually occurred as a

300 years in parts of eastern Canada (Duchesne 1994).
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Limitations to use of historical fire regime knowledge in ecosystem management need to be recognized
They include the following (Swanson et al. 1993; Morgan et al 199:-]4' g e 5 gnized.
1 Difficulty interpreting past variability due to insufficient data
A e e Whl.ﬁ% past and Iuture environmental conditions may fall outside the established range in

historical conditions. :

> rhi the 1z > 7 141 . . 3=
Extent to which the range of ecosystem conditions desired by society differs from natural variability.

‘eeping limitations of knowle . : : : -3

[\r;.!eplrll., limitati f knowledge about natural fire regimes in mind, managing ecosystems to avoid
substantial departures from a natural range of variability seems to be a wise course of action. Many solutions
on the landscape are pnssz?lp. which presents land managers with complex decisions. The challenge is to
provide for biological diversity and essential ecosystem processes while meeting the resource needs of society.

CHALLENGES IN APPLYING FIRE REGIME KNOWLEDGE

Several widely applicable problems and related challenges to meeting the goals of ecosystem management
based on knowledge of fire regimes are described below. Approaches to solving the problems will vary depending
on whether lands are zoned as wilderness and natural areas or for nonwilderness uses (Brown and Arno 1991).

On nonwilderness lands, fire and cutting should be considered together as agents of disturbance.

1. Restoration of nonlethal fire regime forests.—The effects of fire exclusion policies are most obvious
in the nonlethal fire regime type where the current period without fire is much longer than the average fire
return interval computed for the last few centuries (Arno and Brown 1991). For example, in ponderosa pine
forests, the density and the abundance of more shade-tolerant tree species has increased. At the same time, tree
mortality due to insect and disease attacks has dramatically increased. Fire hazard has increased substantially
as live and dead fuels have accumulated (Mutch et al. 1993). Ponderosa pine has been greatly reduced in some

areas where it is a seral species.

Lower tree densities and more open understories are needed to restore healthy conditions. The appropriate
solution will depend on existing stand composition and structure and the social /political environment. In some
cases, prescribed understory fire can be applied on a regular basis to maintain desirable conditions. In many
situations, however, restoration of healthy conditions will require combinations of thinning, limited salvage,
understory fire, and planting of ponderosa pine. Once established, healthy conditions can be maintained with

repeated underburning and limited harvesting.

2. Dead biomass and fuel management.—Land managers must prescribe activities that avoid either remov-
ing or leaving too much dead biomass and live fuel. Dead trees, both standing and downed, are an important
component of ecosystems. They are a source of nutrients, provide site protection, and support many different
forms of animal life. But, when accumulated amounts of dead biomass and live fuel extend over large areas of
the landscape, fire hazards become excessively high. Determining the quantity and form of dead biomass to
leave on-site requires consideration of its ecological role and the need to avoid unacceptable risks of losing other
ecosystem products, property, and human lives. Achieving the proper retention of. dead biomass, especially
Where both harvesting and prescribed fire are planned, requires interdisciplinary judgement and landscape

Perspective. Successful management will be adaptive.

s.—In wilderness areas and on other lands managed as natural

areas where large stand-replacement fires historically characterized the fire regime, the challenge is to provide
for occurrence of large fires. Concerns about fires escaping wilderness boundaries and public perception of
an acceptable fire size will tend to constrain the extent of fire that can be allowed. On nonwilderness lands,

3. Large stand-replacement disturbance.
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THE ROLE OF FIRE IN THE BOREAL FOREST OF INTERIOR ALASKA'
M. Joan Foote?

ABSTRACT: Fire burns 3,000-1,000,000 acres annually. It is a natural part of the ecology of the boreal
forest of interior Alaska. Fire alters the site, growing conditions on the site, site resiliency, and the habitat
of users of the site. It promotes site productivity by recycling nutrients, warming soils, melting permafrost,
and exposing patches of mineral soil which make excellent surfaces for germinating seeds. It maintains
landscape diversity and promotes young, highly productive forests and high quality food material. However,
the unprotected mineral soil may erode and stability of some of the ice-rich permafrost sites is destroyed,
at least for a time.

INTRODUCTION

Interior Alaska is bounded by the Brooks Range to the North, coastal tundra to the West, the Alaska
Range to the South, and artificially by the Canadian Border to the East. Six tree species occur in the boreal
forest of interior Alaska. Quaking aspen (Populus tremuloides) dominates on warm, dry slopes, white spruce
(Picea glauca) on warm, well-drained slopes, and paper birch (Betula papyrifera) on slightly cooler and
more moist slopes. Black spruce (Picea mariana) and larch (Larix laricina) dominate on the cooler and
wetter sites. Balsam poplar (Populus balsamifera) occurs mostly on the floodplain (Viereck 1973). Forest
of mixed species are common. Forest floors contain tall and low shrubs, herbs and mosses.

Interior Alaska lies in the zone of intermittent or discontinuous permafrost. Ice-rich permafrost is best
developed on well shaded, well-insulated sites. Ridges and buildings provide excellent shade; vegetation,
especially feathermosses and sphagnum, provides excellent insulation. Permafrost occurs on most
north-facing slopes, especially where black spruce and feathermoss or sphagnum are present.

Succession in interior Alaska is frequently initiated by fire. Within days of the fire new shoots and
seedlings appear. Firemoss (Ceratodon purpureus) and marchantia (Marchantia polymorpha) quickly invade
areas of exposed mineral soil. Invasion continues for 1-5 years. If a species does not establish during this
period its influence during the next 40-70 years will be minimal. Herbs dominate the landscape for 1-10
years and tall shrubs for the next 10-20 years. These stages are followed sequentially by a young tree stage
that is usually dense, a hardwood stage, a white spruce stage, and either a black spruce/feathermoss or a
black spruce/sphagnum stage (Foote 1983). Stages may be skipped or abbreviated; succession may stagnate
at any stage if species fail to establish or are killed. Succession may also be terminated at any stage by

' A paper presented at the Fire Workshop session at the SAF National Convention held at Anchorage,
Alaska, on September 18-22, 1994.

* Botanist, Institute of Northern Forestry, Pacific Northwest Research Station, USDA Forest Service,
Fairbanks, AK 99775-5500.
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